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Abstract: Phosphorus is a macronutrient which plays an important role in plant metabolism, growth,
and development. However, in tropical acid soils, P fixation is high because of significant amounts
of Al and Fe ions. Al and Fe ions can reduce diffusion of P into plant roots. Low absorption of P at
initial growth of most plants causes stunting and slow growth of plant leaves. This process reduces
photosynthesis. Chicken litter biochar (CLB) had been used on tropical acid soils to improve total P,
available P, organic P, and inorganic fractions of P. Moreover, CLB is able to reduce exchangeable
acidity, Fe, and Al ions in mineral acid soils because of the reactive surfaces of this organic amendment.
However, there is dearth of information on the effects of the right combination of CLB and triple
superphosphate (TSP) on the aforementioned soil chemical properties and crop productivity. To
this end, the objectives of this study were to improve P: (i) Availability in a mineral acid soil and
(ii) uptake, agronomic efficiency, and dry matter yield of Zea mays L. using the right amounts of TSP
and CLB. Combinations of 75%, 50%, and 25% CLB (based on recommended 5 t ha−1) and TSP (based
on recommended P fertilization for maize) were evaluated in a pot study. Selected soil chemical
properties, maize plants nutrient uptake, growth variables, and dry matter yield were determined
using standard measures. Results showed that 25% and 50% biochar of 5 t ha−1 with 75% TSP
can increase soil P availability, recovery, agronomic use efficiency, and dry matter yield of maize
plants. These optimum rates can also reduce P fixation by Al and Fe ions. Therefore, soil and maize
productivity can be improved by using CLB (25% and 50% of 5 t ha−1) and TSP (75% of conventional
rate) to increase nutrients availability especially P.

Keywords: agronomic efficiency; development; dry matter yield; growth; phosphorus availability;
phosphorus recovery; maize; Al and Fe; plant metabolism
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1. Introduction

Phosphorus is a macronutrient and plays a vital role in metabolism of plants, roots growth,
and plants development. It promotes plant flowering, seed and root development, crop quality, and
maturation because of accumulation, transfer, and release of energy in different cellular metabolic
processes during degradation and biosynthesis. Phosphorus is absorbed by plants in the form of
monovalent (H2PO4

−) and divalent (HPO4
2−) orthophosphate anions, primarily during vegetative

growth and re-translocation during reproductive stage into fruits and seeds [1]. Low absorption of P at
initial growth of most plants causes stunting and slow growth of plant leaves. This process reduces
photosynthesis [2]. Phosphorus deficiency in maize causes distinct reddish or purple colors on leaves
and vegetative tissues of maize plants because of formation of anthocyanin and concentration of
chlorophyll. Additionally, P deficiency begins with older leaves because of movement of P compounds
to newer leaves. Severe P deficiency impedes plant root growth and P uptake such that crop yield and
quality are statistically reduced [3].

Phosphate availability and use efficiency are very poor in acidic soils especially in Malaysia where
most soils are high in Al and Fe [4,5]. Conventionally, significant amounts of lime and P fertilizers
(TSP and rock phosphates) are applied to acid soils to saturate Al and Fe ions in addition to ensuring
maintenance of enough plant P available [5,6]. However, this approach is not economically viable
because of increase in plant production cost and leaching of P partly because of unbalanced use of P
fertilizers. Excessive use of P fertilizers in agriculture had been implicated in eutrophication of water
bodies. Hence, there is a need to amend tropical acid soils with organic materials.

Organic amendments have been used in the tropics to increase nutrient uptake [7,8]. Zeng et al.
reported that organic matter and soil pH influenced availability of plant P uptake [9]. The CLB used
this present study was produced by combusting chicken waste under no oxygen or limited oxygen
conditions. Biochars are recalcitrant partly because of their high C and degree of aromatic graphene
sheets. The surface chemistry, pore size, and particle size distribution of biochars depend on feedstock
type and type of pyrolysis (mainly temperature) used [10,11]. The CLB used in this present study
is reputed of reducing soil acidity because of its relatively high pH and liming effect. Furthermore,
because of their high affinity for Al and Fe ions, they fix these ions to stop them from being hydrolyzed
to produce more hydrogen ions. This chemical reaction unlocked fixed P to make them available but
some of the available P are temporarily trapped in the pores structure of CLB and are adsorbed by the
functional groups on the outer surface of the graphene sheets and pores.

When a tropical acid soil was amended with CLB, soil total P, available P, organic P, and inorganic
fractions of P (soluble-P, Al-P, Fe-P, redundant soluble-P, and Ca-P) increased but soil exchangeable
acidity, Fe, and Al ion reduced [12] because of the high reactive surface area of this organic amendment
which is known to electrostatically bind exchange cations and anions. The anion exchange capacity
of biochars prevents anionic nutrients such as phosphates from being excessively leached into water
bodies and this minimizes eutrophication. The high affinity of CLB for Al and Fe ion also minimizes P
fixation [12,13]. Moreover, the high pH of CLB increases soil pH to reverse P fixation by Al and Fe ions
besides improving soil CEC and nutrient availability [14].

Although Ch’ng et al. used biochar to improve P availability of TSP, their study did not optimize
the use of both biochar and TSP because these materials were not varied [12]. Their study focused only
on fixed amounts of TSP and biochar. Hence, there is a need to determine economic rates of biochar
and TSP. Thus, it was hypothesized that the economic rates of CLB and TSP will statistically increase
soil available P, P use efficiency, and dry mater yield of crops such as Zea mays L. in a sustainable
manner. Therefore, the objectives of this study were to improve:

1. Phosphorus availability in a mineral acid soil using the right amounts of CLB and TSP,
2. Phosphorus uptake, agronomic efficiency, and dry matter yield of Zea mays L. using the right

amounts of CLB and TSP.
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2. Materials and Methods

2.1. Experiment Setup

A pot experiment was carried in a net house at Universiti Putra Malaysia Bintulu Sarawak Campus,
Malaysia. The test crop used in this study was Thai Super Sweet hybrid F1 maize (Zea mays L.). Pots
(22 cm in height, 30 cm in width, and 30 cm in diameter) were filled with 7 kg of a mineral acid soil
(from 5 mm bulked soil sample). Nitrogen, P, and K fertilizers were used based on the requirement of
Thai Super Sweet hybrid F1 maize. Urea, triple superphosphate (TSP), and muriate of potash (MOP)
were applied at 60 kg N ha−1 (130 kg ha−1 Urea), 60 kg P2O5 ha−1 (130 kg ha−1 TSP), and 60 kg K2O
ha−1 (105 kg ha−1 MOP), respectively. These rates were based on the recommendation of MARDI
(Malaysian Agricultural Research and Development Institute) [13]. Based on these recommendations,
the rates were scaled to per pot basis (Table 1). The amount of P fertilizer was further varied and
reduced to 75%, 50%, and 25% (Table 1) whereas, the amounts of N and K fertilizers were the same
except for the treatment without N, P, and K fertilizers. The fertilizers were applied in two equal splits
(at 10 and 28 days after sowing). The CLB was applied at a rate of 5-ton ha−1. Based on this rate, the
CLB was scaled to 180 g of biochar per 7 kg of soil per pot (Table 2).

Table 1. Percentages of chicken litter biochar, nitrogen, phosphorus, and potassium fertilizers.

Treatment Code
Treatments

Biochar (5 t h−1) P (60 kg h−1)

T1 0% 0%
T2 0% 100%
T3 100% 0%
T4 75% 25%
T5 50% 25%
T6 25% 25%
T7 75% 50%
T8 50% 50%
T9 25% 50%
T10 75% 75%
T11 50% 75%
T12 25% 75%

Table 2. Scale down of chicken litter biochar, nitrogen, phosphorus, and potassium fertilizers rate in a
pot study.

Treatment Code

Biochar Rate Fertilizers Rate

g plant−1

TSP

T1 0 0
T2 0 4.8
T3 180 0
T4 135 3.6
T5 90 3.6
T6 45 3.6
T7 135 2.4
T8 90 2.4
T9 45 2.4
T10 135 1.2
T11 90 1.2
T12 45 1.2
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Chemical Properties of Chicken Litter Biochar

The CLB used in this study was from the Black Earth Company, Australia. It was produced by the
combusting chicken litter in oxygen-limited conditions and relatively high temperature (controlled)
through pyrolysis. Chemical properties of the chicken litter biochar (Table 3) are consistent with
Australia Certified Organic Standard, 2010.

Table 3. Selected chemical properties of Black Earth chicken litter biochar.

Macro Nutrients Micro Nutrients

pH 8.5 Av. Particle Size 0.5–2 mm

% mg kg−1

Total organic carbon 63.7 Silicon 2.3 Magnesium oxide 6.7
Fixed Carbon 61.2 Aluminium 1.5 Arsenic 2.1

Nitrogen 2.8 Potassium oxide 16.3 Cadmium 0.7
Phosphate 2.6 Boron 62 Chromium 9.6
Potassium 3.9 Copper 167 Mercury 0.06
Calcium 5.9 Manganese 1130 Nickel 14
Sulphur 0.59 Zinc 856 Lead 12

Ash content 23.7

Source: Maru et al. [15].

Soil and CLB were thoroughly mixed and moistened with a tap water at 60% water holding capacity
before sowing. Maize seeds were soaked with water and fungicide (Thiram) for 24 h before sowing.
This was done to ensure good germination, avoidance of seed infection, and plant establishment.
Sowing depth was 3–4 cm and the maize seeds were sown in planting holes (two seeds per hole) after
which the holes were partially covered with loose soil. At seven days after sowing, maize plants were
thinned to two. The pot experiment was conducted in a completely randomized design with three
replications. During the pot experiment, soil water holding capacity was calculated based on the
amount of water retained at field capacity. The moisture was then maintained at 60% water holding
capacity. The maize plants were monitored and harvested at tasseling stage (52 days after sowing)
because this growth stage is a major determinant of maize yield [16,17]. Nutrient and dry weight
accumulation can also increase greatly around tasseling stage.

2.2. Harvesting of Maize Plants

The harvested maize plants were partitioned into leaves, stems, and roots after which they were
oven dried at 60 ◦C until constant weight was obtained. Thereafter, their dry weights were determined
using a digital balance. Soil samples were collected, air-dried, ground, and sieved to pass a 2 mm sieve.

2.3. Soil Chemical Analysis before and after Pot Study

The pot study was carried out using Typic Paleudults (Bekenu Series). The soil was taken from a
secondary forest (latitude 3◦12′15.45′′ N and longitude 113◦04′15.82′′ E) at Bintulu, Sarawak, Malaysia.
The soil samples were collected at a depth of 0 to 25 cm after which they were transported to a research
complex at Universiti Putra Malaysia Bintulu Sarawak Campus, Malaysia where they were air dried
at room temperature. Afterwards, the soil samples were crushed to pass a 5 mm sieve to remove
twigs, plant roots, and ironstone concretions. Prior to collection of the soil samples, soil bulk density
was determined using the core sampling method. The soil surface area was cleared, and three core
samplers were gently hammered into the soil (within depth of 1 to 25 cm). Thereafter, the soil samples
were dried in an oven at 105 ◦C until constant weight was attained, cooled in a desiccator, and weighed.
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The weight of the empty core sampler was subtracted from the final weight to obtain weight of the dry
soil. Equation (1) was used to calculate bulk of the soil.

Bulk Density =

[
Dry Wt. of soil only

Core volume

]
(1)

where
Core volume = πr2h = 100.14 cm3

The physico-chemical properties of the soil used in this present study (Table 4) were within the
range reported of the Bekenu series (Typic Paleudult) [18].

Table 4. Selected chemical and physical properties of Bekenu series (Typic Paleudult).

Soil Properties Data Obtained (0–25 cm Depth) Standard Data Range (0–36 cm Depth)

pH in water 4.44 4.6–4.9
pH in KCL 3.83 3.8–4.0
Total C (%) 1.2 0.57–2.51
Total N (%) 0.08 0.08–0.17

Total P (g kg−1) 0.18 Nd
Available P (g kg−1) 0.005 Nd

Bulk density (g cm−3) 1.18 Nd

cmol kg−1

Available K 0.14 0.05–0.19
CEC 5.22 3.86–8.46

Total acidity 0.51 Nd
Exchangeable AL 0.35 Nd
Exchangeable H 0.19 Nd
Exchangeable Ca 0.25 0.01
Exchangeable Mg 0.34 0.07–0.21
Exchangeable Na 0.22 0.01
Exchangeable Fe 0.19 Nd

Note: CEC: Cation exchange capacity; Nd: Not determined.

Soil samples were characterized for physical and chemical properties before and after the pot
study. Soil pH in water and KCl were determined in a 1:2.5 (soil:distilled water/KCl) using a digital
pH meter [19]. Soil total organic carbon was calculated as 58% of the organic matter using the loss of
weight on ignition method [20]. Cation exchange capacity (CEC) of the soil was determined using the
leaching method [21] followed by steam distillation [22]. Exchangeable cations were extracted with
1 M NH4OAc, pH 7 using the leaching method [21]. Afterwards, the cations were determined using
atomic absorption spectrometry (Analyst 800, Perkin Elmer instruments, Norwalk, CT, USA). Total
N was determined using Kjeldhal method [23]. Soil total P was extracted using aqua regia method
whereas soil available P was extracted using Mehlich No.1 double acid method [24]. Water soluble P
was extracted using deionized water following the Mehlich No.1 double acid extraction method [24].
The extracted total P, available P, and water-soluble P were then determined using spectrophotometer
after the blue color was developed [25]. Soil exchangeable acidity, H+, and Al3+ were determined
using acid-base titration method [26].

2.4. Roots and Above Ground Biomass Analysis

The single dry ashing method [21] was used to extract P, K, Ca, Mg, Na, and Fe in the plant
tissues (leaf and stem). Filtrates were analyzed for K, Ca, Mg, Na, and Fe using atomic absorption
spectrophotometry. Phosphorus was determined using molybdenum blue method [23]. Total N was
determined using Kjeldhal method [23]. The concentrations of N, P, K, Ca, Mg, Na, and Fe in leaf and
stem were multiplied by the respective dry weight of the plant parts to obtain the amounts of N, P, K,



Appl. Sci. 2020, 10, 2127 6 of 22

Ca, Mg, Na, and Fe taken up by the maize plants. The nutrient concentrations were multiplied by their
dry matter yield to represent nutrient uptake. The agronomic and crop recovery efficiency of applied
N was determined using the formula below:

AEN = (Yp − Y0)/Fp (2)

REN = (Up − U0)/Fp (3)

where:

AEN = Agronomic efficiency of applied P,
REN = Crop recovery efficiency of applied P,
Fp—amount of (fertilizer) P applied (kg ha−1),
Yp—crop yield with applied P (kg ha−1),
Y0—crop yield (kg ha−1) in a control treatment with no P,
Up—total plant P uptake in aboveground biomass at maturity (kg ha−1) in a plot that received P,
U0—the total P uptake in aboveground biomass at maturity (kg ha−1) in a plot that received no P.

2.5. Statistical Analysis

Analysis of variance (ANOVA) was used to test treatment effects whereas treatment means were
compared using Tukey’s Test. Statistical Analysis Software version 9.4 was used for the statistical
analysis [27].

3. Results and Discussion

3.1. Effects of Different Rates of Chicken Litter Biochar and Phosphorus on Plant Growth Variables

Leaves, stems, and roots dry weight of T1 were statistically lower than those of T2, T3, T4, T5,
T6, T7, T8, T9, T10, T11, and T12 (Figure 1A–C) because nutrients in T1 soil were not enough to
support good growth and development of maize plants. Fageria and Baligar, stated that Ca, Mg, and P
deficiencies coupled with Al toxicity can limit plant growth and development on acid soils [28]. Leaf
dry weight of T2 was statistically lower compared with those of T5, T7, and T12 (Figure 1A) whereas
stem dry weight of T2 was statistically lower than those of T4, T7, and T11. The root dry weight of T2
was statistically lower than those of T3, T4, T5, T6, T7, T8, T9, T10, T11, and T12 (Figure 1C). Generally,
total plant dry weight of T2 was statistically lower than those of the treatments with chicken litter
biochar because of nutrient fixation, particularly P. Akinrinde, associated poor crop growth on acid soils
to locking of P by Al and Fe hydrous oxides [29]. The treatments with CLB increased maize plant dry
matter yield because this organic amendment was able to increase significantly improve bio-availability
of nutrients and their uptake by the maize plants followed by conversion of the nutrients to plant
biomass production. This observation is consistent with the results obtained by [30] who also studied
the effects of biochar on maize plants’ growth, nutrient uptake, and dry matter yield [31].

Treatments T4, T5, T7, and T11 showed similar effects but the effect of T7 was statistically higher
than those of T1, T2, T3, T6, T8, T9, T10, and T12 (Figure 1D). Co-application of CLB with chemical
fertilizers especially P improves crop yield (Figure 2). For example, Yamato et al. reported that,
co-application of biochar and chemical fertilizers significantly increased maize yield compared with
application of chemical fertilizers only [22]. Mau and Utami, also reported an increase in maize yield
because of increase in availability and uptake P in acid soils following combined application of biochar
and arbuscular mycorrhiza (AM) fungal spores [32]. In this present study, the use of CLB alone did not
significantly improve maize growth and P uptake because nutrients in this organic amendment alone
was not enough to support the growth and development of maize plants. However, the significant
maize plant growth in T7 was due to an increase in P fertilizer use efficiency (Figures 2 and 3).
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Figure 1. Effects of treatments on dry weight of (A) leaves; (B) stems; (C) roots; and (D) total dry matter
yield of maize at tasseling stage. Different letters indicate significant difference between means using
Tukey’s HSD (Honestly Significant Difference) test at p ≤ 0.05. The error bars are the ± standard error
of triplicates.
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3.2. Effects of Different Amounts of Chicken Litter Biochar and Phosphorus on Plant Nutrient Uptake

Maize plant leaves, stems, and roots P uptake in T1 (soil only) were statistically lower than other
treatments (Figure 4A–C) because one of the most common problems associated with highly weathered
mineral acid soils is Al3+ toxicity [33] because Al3+ toxicity reduces plant growth and development
increases. Additionally, highly weathered mineral acid soils are low in P because of P fixation by
Fe, Al, and Mn. These factors contribute to severe reduction of soil P availability and P uptake [33].
Leaf P uptake with only chemical fertilization (T2) was statistically higher than with CLB (Figure 4A).
Phosphorus uptake in stems was higher in T4, T7, T10, and T11 than those of T1, T2, T5, T6, T9, and T12
(Figure 4B) whereas P uptake in the maize plant roots of T3, T8, and T9 were not statistically different
but higher than those of T1, T2, T4, T5, T6, T7, T10, T11, and T12 (Figure 4C). This was because most of
the P taken up in T2 were not translated into dry matter production compared with the treatments
with CLB where most of the nutrients taken up were converted into dry matter yield [34]. Generally,
total P uptake in T2 was similar to those of T4, T7, and T11 but significantly lower than that of T10
(Figure 4D). Treatment 10 showed the highest total P uptake because this treatment had the highest
amounts of CLB and TSP. This suggests that T10 (combination of CLB and TSP) is the most suitable
treatment that can improve maize plants growth and development on tropical acid soils.
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Figure 4. Effects of treatments on P uptake of (A) leaves; (B) stems; (C) roots; and (D) total P uptake
of maize at tasseling stage. Different letters indicate significant difference between means using
Tukey’s HSD (Honestly Significant Difference) test at p ≤ 0.05. The error bars are the ± standard error
of triplicates.

Iron uptake in leaves, stems, and roots of T1 were statistically lower than in other treatments due
to the poor growth and development of maize plants (Figure 5A–C). Iron uptake in leaf and root of
T2 was lower than those of T3, T4, T5, T7, T8, and T10 (Figure 5A,C). However, in stem, Fe uptake in
T2 was statistically higher than the rest of the treatments (Figure 5B) and this was due to the higher
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concentration of Fe in the maize plant biomass of T2 compared with the treatments with CLB. Generally,
the total Fe uptake in T2 was not statistically different from those of T3 and T10 but higher than those
of T1, T4, T5, T6, T7, T8, T9, T11, and T12 (Figure 5D). These results further confirm the liming effect of
CLB and its ability to reduce concentrations of Fe and Al in the soil solution of tropical acid soils [35].
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Figure 5. Effects of treatments on iron uptake of (A) leaves; (B) stems; (C) roots; and (D) total iron
uptake of maize at tasseling stage. Different letters indicate significant difference between means using
Tukey’s HSD (Honestly Significant Difference) test at p ≤ 0.05. The error bars are the ± standard error
of triplicates.
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With T1, the N, K, Ca, Na, and Mg taken up by the maize plants’ leaves, stems, and roots were
statistically lower than those of T2, T3, T4, T5, T6, T7, T8, T9, T10, T11, and T12 (Tables 5–9) because of
the inherent low fertility of Bekenu series [36,37]. Amending tropical acid soils with biochar increases
soil P and K availability [38–40]. In addition, biochar is not only able to reduce P fixation, but it also
increases mineralization of nutrients such as N, release of K, and availability of Ca, Na, and Mg by
complexing with organic radicals [41]. Moreover, the use of CLB as an organic amendment in tropical
acid soils has been reported to improve plant productivity through efficient plant nutrient absorption
and translocation for dry matter production [42]. Treatment seven significantly increased N uptake in
leaves, stems, and roots than those of T1, T2, T3, T4, T5, T6, T8, T9, T10, T11, and T12 (Table 5). Van
Zwieten et al. also reported a similar effect of biochar on N uptake [43]. The differences observed in
leaves, stems, and roots nutrients uptake could be related to the physiology of maize plants. Higher
accumulation of plant biomass occurs in the stems and followed by leaves [44].

Table 5. Effects of co-applied biochar on nitrogen uptake of leaves, stems, and roots uptake of maize at
tasseling stage.

Leaves Stems Roots Total N Uptake

% pot−1

T1 6.44h ± 0.19 1.44 d ± 0.17 4.75e ± 0.08 12.62f ± 0.11
T2 36.7cde ± 0.4 17.05c ± 0.38 16.45ab ± 0.87 70.2d ± 1.1
T3 17.53g ± 0.47 14.6c ± 0.59 12.05d ± 1.2 44.18e ± 1.21
T4 34.62def ± 0.34 24.86b ± 1.41 13.91bcd ± 0.53 73.39d ± 1.77
T5 43.4abc ± 0.45 24.78b ± 2.82 14.16bcd ± 0.88 82.34bc ± 1.49
T6 29.1f ± 1.63 25.73b ± 0.71 19.4a ± 0.52 74.24cd ± 0.82
T7 46.66a ± 2.36 36.26a ± 1.48 16.07abc ± 0.43 98.99a ± 3.07
T8 33.03def ± 1.75 24.57b ± 0.78 11.87d ± 0.96 69.47d ± 1.43
T9 38.98bcd ± 2.05 17.61c ± 0.31 12.64cd ± 0.5 69.23d ± 2.32
T10 36.86cde ± 1.71 24.62b ± 1.34 12.7cd ± 0.5 74.19cd ± 1.58
T11 45.53ab ± 1.43 34.18a ± 0.49 10.6d ± 0.76 90.31d ± 0.54
T12 30.91ef ± 0.59 32.05a ± 0.96 11.49d ± 0.41 74.45cd ± 1.19

Note: Different letters within a column indicate significant difference between means of three replicates ± standard
error using Tukey’s test at p ≤ 0.05.

Table 6. Effects of treatments on potassium uptake of leaves, stems, and roots, and total potassium
uptake of maize at tasseling stage.

Leaves Stems Roots Total K Uptake

mg pot−1

T1 43.65g ± 0.70 24.43g ± 0.66 53.86g ± 1.18 121.95f ± 1.78
T2 371.37cd ± 12.30 730.99cd ± 4.70 196.85cde ± 10.59 1299.22c ± 5.01
T3 569.47a ± 8.81 824.61bc ± 4.86 212.48cd ± 5.65 1606.56b ± 18.47
T4 446.77b ± 11.79 1323.34a ± 36.95 229.98c ± 7.82 2000.10a ± 40.67
T5 538.21a ± 20.91 994.76b ± 25.96 171.03e ± 0.99 1703.99b ± 34.34
T6 421.73bc ± 3.23 693.26cde ± 7.05 184.90de ± 5.58 129.99c ± 15.17
T7 426.42bc ± 12.94 948.88b ± 26.62 194.95cde ± 14.50 1570.26b ± 31.10
T8 306.03ef ± 11.56 586.16def ± 12.51 174.76e ± 5.95 1066.949de ± 2.51
T9 338.01de ± 12.56 476.28f ± 14.15 106.32f ± 2.65 920.62e ± 8.78
T10 361.55de ± 10.37 505.92ef ± 6.29 206.56cde ± 6.15 1074.05de ± 21.39
T11 303.67ef ± 50.90 557.40def ± 10.06 406.97a ± 3.14 1268.03cd ± 7.32
T12 269.66f ± 18.02 562.00def ± 12.26 343.22b ± 4.31 1174.89cd ± 129.07

Note: Different letters within a column indicate significant difference between means of three replicates ± standard
error using Tukey’s test at p ≤ 0.05.
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Table 7. Effects of treatments on calcium uptake of leaves, stems, and roots, and total calcium uptake of
maize at tasseling stage.

Leaves Stems Roots Total Ca Uptake

mg pot−1

T1 4.15f ± 0.05 4.11h ± 0.03 8.79d ± 0.11 17.06f ± 0.12
T2 27.98e ± 1.16 64.85g ± 1.63 26.06c ± 3.76 118.90e ± 2.18
T3 24.51e ± 0.28 98.50def ± 0.02 39.46b ± 0.78 162.48d ± 1.60
T4 32.84d ± 0.72 133.72ab ± 3.61 43.25ab ± 0.97 209.83ab ± 4.68
T5 35.51d ± 1.17 108.08cde ± 1.59 41.21b ± 0.27 184.81c ± 0.28
T6 24.35e ± 1.17 116.36bcd ± 2.29 44.38ab ± 1.49 185.09c ± 3.48
T7 52.12b ± 1.35 124.63abc ± 4.19 40.03b ± 4.41 216.79a ± 1.46
T8 44.83c ± 0.79 136.09a ± 4.61 39.12b ± 0.92 220.05a ± 4.70
T9 45.56c ± 0.91 85.63f ± 0.70 19.38c ± 0.99 150.58d ± 5.63

T10 48.18bc ± 1.76 133.55ab ± 6.13 37.54b ± 5.64 219.29a ± 5.34
T11 45.61c ± 1.04 112.15cde ± 2.71 40.58b ± 2.92 198.35bc ± 2.92
T12 56.58a ± 1.77 96.31ef ± 6.99 51.27a ± 1.16 204.17ab ± 5.96

Note: Different letters within a column indicate significant difference between means of three replicates ± standard
error using Tukey’s test at p ≤ 0.05.

Table 8. Effects of treatments on sodium uptake of leaves, stems, and roots, and total sodium uptake of
maize at tasseling stage.

Leaves Stems Roots Total Na Uptake

mg pot−1

T1 12.76e ± 0.28 0.38e ± 0.06 0.72h ± 0.007 13.87g ± 0.28
T2 97.44d ± 2.05 7.34d ± 0.15 3.53f ± 0.27 108.31ef ± 2.09
T3 108.65cd ± 9.36 22.49a ± 0.65 5.96a ± 0.05 137.10de ± 9.07
T4 142.23b ± 4.59 13.57c ± 0.35 4.41cd ± 0.06 160.22bcd ± 4.67
T5 140.50b ± 8.84 6.61d ± 0.11 2.57g ± 0.05 149.69cd ± 8.72
T6 90.24d ± 0.72 7.35d ± 1..65 4.68cd ± 0.11 102.28f ± 1.89
T7 166.89ab ± 5.94 16.61b ± 866.5 5.50ab ± 0.15 189.01ab ± 6.62
T8 136.86bc ± 5.70 6.69d ± 0.005 4.29de ± 0.09 147.85d ± 5.76
T9 182.48a ± 5.37 7.08d ± 0.10 3.36f ± 0.08 192.94a ± 5.31

T10 175.98a ± 3.63 6.40d ± 0.08 4.95bc ± 0.04 187.34ab ± 3.71
T11 174.25a ± 7.06 8.97d ± 0.05 3.72ef ± 0.03 186.95ab ± 7.07
T12 166.19ab ± 8.30 8.80d ± 0.66 4.64cd ±0.11 179.64abc ± 7.71

Note: Different letters within a column indicate significant difference between means of three replicates ± standard
error using Tukey’s test at p ≤ 0.05.

Table 9. Effects of treatments on magnesium uptake of leaves, stems, and roots, and total magnesium
uptake of maize at tasseling stage.

Leaves Stems Roots Total Mg Uptake

mg pot−1

T1 3.16f ± 0.01 2.21f ± 0.13 4.58g ± 0.11 9.95f ± 0.16
T2 27.01ab ± 0.31 24.91e ± 0.65 11.85f ± 1.49 63.77e ± 1.32
T3 16.43e ± 0.47 34.07d ± 1.44 18.48de ± 0.46 68.98e ± 2.06
T4 17.40e ± 0.74 60.20ab ± 0.47 25.98ab ± 0.46 103.58b ± 0.85
T5 22.25cd ± 0.69 45.75c ± 1.60 18.63de ± 0.83 86.63cd ± 2.72
T6 18.46de ± 0.36 58.66b ± 0.25 28.23a ± 0.11 105.35b± 0.52
T7 23.49bc ± 1.22 58.21b ± 1.32 24.82b ± 0.59 106.53ab ± 2.14
T8 18.49de ± 0.63 44.43c ± 0.67 20.47cd ± 0.46 8.34d ± 0.52
T9 29.78a ± 0.73 44.97c ± 1.14 16.84e ± 0.23 91.60c ± 1.87
T10 23.02bc ± 1.33 44.48c ± 1.23 23.32bc ± 0.74 90.82cd ± 0.84
T11 23.12bc ± 0.85 64.84a ± 0.42 26.00ab ± 0.22 113.96a ± 1.08
T12 24.98bc ± 1.22 36.28d ± 0.46 25.38ab ± 0.61 86.63cd ± 1.73

Note: Different letters within a column indicate significant difference between means of three replicates ± standard
error using Tukey’s test at p ≤ 0.05.
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3.3. Crop Recovery and Agronomic Efficiency of Triple Superphosphate Applied in Pot Trial

Crop recovery (REP) and aAgronomic efficiency (AEP) results (Table 10) suggest P was higher
in the soils with CLB than in the soil with the standard practice (T2) (Table 10). This confirms the
findings of Cui et al. that biochars could enhance P availability and uptake [45]. Nèble et al. raised the
concerns for a sustainable P fertilizer used because of the continued depletion of P fertilizer reserves in
the world [46]. In this regard, biochar produced from animal wastes could be an alternative P source.
Results of this present study further confirm that the use of CLB does not only serve as a source of P,
but it can also increase efficient utilization of P fertilizers. Crop recovery of applied TSP increased
with increasing rate of TSP and CLB (Table 10). This finding also suggests that biochar from manures
contains highly soluble P which directly increases soil available P [47]. Furthermore, CLB improves
soil micro-environment for phosphatase activities such as transforming organic P into inorganic P
thereby making it available for plant uptake [48]. Results on agronomic efficiency is consistent with
the increase in the maize plant dry matter yield of the treatments with CLB (Table 10). The agronomic
efficiency of T10, T11, and T12 were highest and this supports the increase in plant dry matter yield of
T10 as discussed earlier.

Table 10. Effects of treatments on crop recovery and agronomic efficiency of applied phosphorus at
tasseling stage of maize plants.

TSP Total P
Uptake

Dry Matter
Yield

Crop Recovery
Efficiency of
Applied P

Agronomic
Efficiency of
Applied P

% Increase
in Yield

g pot−1 %

T1 0.00 0.01 6.89 0 0.00 0.00
T2 4.80 0.15 47.91 0.03 8.55 85.62
T3 0.00 0.14 65.28 0 0.00 89.45
T4 1.80 0.15 77.67 0.08 39.32 91.13
T5 1.80 0.13 75.86 0.07 38.31 90.92
T6 1.80 0.12 72.24 0.07 36.31 90.46
T7 1.20 0.16 86.33 0.12 66.20 92.02
T8 1.20 0.13 63.27 0.10 46.99 89.11
T9 1.20 0.13 67.22 0.10 50.28 89.75

T10 0.60 0.19 68.09 0.30 101.99 89.88
T11 0.60 0.16 79.82 0.25 121.55 91.37
T12 0.60 0.12 74.83 0.18 113.23 90.79

3.4. Effects of Different Amounts of Chicken Litter Biochar and Phosphorus on Soil Physico-Chemical Properties
at Fifty Days after Sowing

Soil total organic carbon of T2 was not statistically different from that of T1 but lower than the
soils with CLB. Among the soils with CLB, T3 showed statistically higher effect on total organic carbon
than those of T4, T5, T6, T7, T8, T9, T10, T11, and T12 (Figure 6). Increase in the total organic carbon
of the soils with the CLB suggests the contribution of this organic amendment to soil organic matter.
Among the treatments, T3 showed the highest effect because it had 100% CLB. This also suggests that
soil total organic carbon increases with increasing amount of CLB. Zhang et al. attributed the increase
in maize yield to increase soil organic carbon following application of biochar [48]. Biochar use on acid
soils also improved soil total organic carbon [49,50]. Biochar’s are stable in soils such that they are
able to store soil carbon for many years [51,52]. Moreover, they provide soil nutrients in addition to
improving soil water holding capacity.
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Figure 6. Effects of treatments on soil total organic carbon. Different letters indicate significant
difference between means using Tukey’s HSD (Honestly Significant Difference) test at p ≤ 0.05. The
error bars are the ± standard error of triplicates.

Soil pH in water and KCl of T1 and T2 were statistically lower than those of T3, T4, T5, T7,
T8, T9, T10, T11, and T12. Among the soils with CLB, pH of T3 was statistically higher than those
of T4, T5, T7, T8, T9, T10, T11, and T12 (Figures 7 and 8) because biochars have some alkaline
materials [52,53] and because of this, they are able reduce soil acidity [54,55]. This also explains the
liming effect of biochars [56]. Their liming effect had been associated with alkaline metals (Ca, Mg, and
K) oxides [57–59]. Generally, biochar application to nutrient-impoverished tropical soils considerably
improves soil fertility by not only increasing soil pH but it also reduces Al and Fe hydrolysis or Al and
Fe toxicity. These positive effects of biochars improve soil quality/health and crop yields [60].
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Figure 7. Effects of treatments on soil pH in water. Different letters indicate significant difference
between means using Tukey’s HSD (Honestly Significant Difference) test at p ≤ 0.05. The error bars are
the ± standard error of triplicates.

Soil total and available P of T2 were not statistically different from those of T5, T6, T8, T9, and
T12 but lower than those of T3, T4, T7, and T10 (Figures 9 and 10). Soil total P of the treatment with
CLB only (T3) was higher because of higher charred material in the soil [61]. However, the availability
of P was lower because the maize plants might have used most of the available nutrients especially
P to substitute N and other limiting nutrients. For T4, T7, and T10, the soil total P and available P
were higher because 75% CLB was combined with 25%, 50%, and 75% of TSP (Figures 9 and 10).
This suggests that CLB can increase total P in the soils with significant release of P for plant uptake.
This is possible because P increases during biochar production [62]. The TSP in this present study
also contributed P because it is highly water-soluble [63]. The increase in soil available P following
application of CLB further explains why the maize plants dry matter yield and P uptake were higher
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in the treatments with 75% CLB and 25%, 50%, and 75% of TSP. This observation further suggests that
to optimize the use of scarce P resources, it is prudent to use only 25% TSP with 75% of 5 t ha−1 of CLB.
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Figure 8. Effects of treatments on soil pH in KCl. Different letters indicate significant difference between
means using Tukey’s HSD (Honestly Significant Difference) test at p ≤ 0.05. The error bars are the ±
standard error of triplicates.
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Figure 9. Effects of treatments on soil total phosphorus. Different letters indicate significant difference
between means using Tukey’s HSD (Honestly Significant Difference) test at p ≤ 0.05. The error bars are
the ± standard error of triplicates.
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Figure 10. Effects of treatments on soil available phosphorus. Different letters indicate significant
difference between means using Tukey’s HSD (Honestly Significant Difference) test at p ≤ 0.05. The
error bars are the ± standard error of triplicates.

Water-soluble P of the treatments were lower than those of total and available P however, the
water-soluble P of T3 was statistically higher than those of T1, T2, T4, T5, T6, T7, T8, T9, T10, T11, and
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T12 whereas the water-soluble of T2 was lower than those of T7, T9, T10, T11, and T12 (Figure 11)
because water-soluble in this study increased with increasing P, indicating the direct P concentration in
soil solution [63]. Moreover, the higher water-soluble P of T3 is partly associated with Ca, Mg, and K
ions in biochars as they tend to flocculate colloidal soil [64,65].
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Figure 11. Effects of treatments on soil soluble phosphorus. Different letters indicate significant
difference between means using Tukey’s HSD (Honestly Significant Difference) test at p ≤ 0.05. The
error bars are the ± standard error of triplicates.

Soil total acidity, exchangeable Al3+, and H+ of T1 were statistically higher than those of T2, T3,
T4, T5, T6, T7, T8, T9, T10, T11, and T12 (Figures 12–14). In T2, soil total acidity and exchangeable
Al3+ were similar to those of T6 but higher than those of T3, T4, T5, T7, T8, T9, T10, T11, and T12
(Figures 12 and 13). Most tropical soils are acidic such that they are prone to Al toxicity. This results
in low soil organic matter, high P fixation, and low microorganism activity [66]. Lower soil total
acidity, exchangeable Al3+, and H+ were observed in T3, T7, and T10 because these treatments had
enough CLB to decrease soil total acidity and exchangeable Al3+ (Figures 12–14). Furthermore, soil
acidity reduces CEC and nutrient availability. Studies on tropical acid soils and plant productivity
had suggested that soil and plant productivity relate to Al toxicity because this reduction leads to a
significant increase in soil pH [67].Appl. Sci. 2020, 10, 2127 17 of 23 
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Figure 12. Effects of treatments on soil total acidity. Different letters indicate significant difference
between means using Tukey’s HSD (Honestly Significant Difference) test at p ≤ 0.05. The error bars are
the ± standard error of triplicates.
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Figure 13. Effects of treatments on soil exchangeable Al3+. Different letters indicate significant difference
between means using Tukey’s HSD (Honestly Significant Difference) test at p ≤ 0.05. The error bars are
the ± standard error of triplicates.
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Figure 14. Effects of treatments on soil exchangeable H+. Different letters indicate significant difference
between means using Tukey’s HSD (Honestly Significant Difference) test at p ≤ 0.05. The error bars are
the ± standard error of triplicates.

Soil exchangeable Fe of T1, T2, T6, and T8 were not statistically different but higher than those
of T3, T4, T7, T9, T10, T11, and T12 (Figure 15). Exchangeable Fe decreased in the soils with CLB
because of precipitation and formation of organo-metallic complexes. Reduction of Fe in soils with
CLB increased availability of soil total P, available P, and P uptake in plants than with the standard
practice [68]. Havlin et al. stated that one of the important characteristics of biochars is their ability to
increase soil CEC because this enables plant nutrients availability or retention nutrients in soils [69].
However, in this pot study, soil CEC of T1, T2, T3, T4, T5, T6, T7, T8, and T10 were not statistically
different (Figure 16) because of the confinement of the maize plants in this pot experiment.

Soil exchangeable K, Ca, Mg, and Na of T2 and T1 were similar but lower than those with CLB
(Table 11). The treatments with CLB showed higher soil exchangeable K, Ca, Mg, and Na because
of their liming effect and ability to supply essential macro and micro nutrients [70]. Growth of the
maize plants with CLB were better than those without this organic amendment. Soil total N at harvest
were not statistically different among treatments. At tasseling stage, N in the soil was absorbed for
cobs production. Additionally, the CLB used in this study was low in N such that it could not have
a significant effect on soil total N. This confirms the findings of [71] that biochars are not rich in N
as most of N in their parent materials are lost during pyrolysis. Additionally, higher plant N uptake
might have depleted the soil’s N contents.
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Figure 15. Effects of treatments on soil exchangeable Fe2+. Different letters indicate significant difference
between means using Tukey’s HSD (Honestly Significant Difference) test at p ≤ 0.05. The error bars are
the ± standard error of triplicates.
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Figure 16. Effects of treatments on soil cation exchange capacity. Different letters indicate significant
difference between means using Tukey’s HSD (Honestly Significant Difference) test at p ≤ 0.05. The
error bars are the ± standard error of triplicates.

Table 11. Chicken litter biochar and triple superphosphate on soil exchangeable cations after pot study.

Total N Exchangeable K Exchangeable Ca Exchangeable Mg Exchangeable Na

% cmol kg−1

T1 4.72a ± 0.02 0.81e ± 0.05 0.5f ± 0.01 0.1g ± 0.004 0.0046g ± 0.0001
T2 4.61a ± 0.03 1.33 e± 0.04 0.51e ± 0.01 0.11g ± 0.007 0.0049g ± 0.0001
T3 5.51a ± 0.09 2.90ab ± 0.08 1.46a ± 0.07 0.39a ± 0.01 0.0024a ± 0.0002
T4 5.245a ± 0.03 2.43d ± 0.06 1.23ab ± 0.02 0.356bc ± 0.003 0.0011ab ± 0.0001
T5 5.01a ± 0.02 1.87de ± 0.03 0.95cd ± 0.03 0.29e ± 0.008 0.0042cd ± 0.0003
T6 4.86a ± 0.02 1.28c ± 0.05 0.7ef ± 0.02 0.1f ± 0.006 0.0051f ± 0.0003
T7 5.20a ± 0.02 2.38ab ± 0.2 1.14abc ± 0.06 0.32bcd ± 0.007 0.002bc ± 0.0001
T8 5.17a ± 0.02 2.24ab ± 0.12 1.04bc ± 0.05 0.25de ± 0.013 0.0055de ± 0.0003
T9 4.99a ± 0.08 1.65bc ± 0.16 0.74de ± 0.04 0.2f ± 0.008 0.003ef ± 0.0003
T10 5.22a ± 0.02 2.51a ± 0.06 1.28ab ± 0.03 0.37b ± 0.014 0.0026ab ± 0.0002
T11 5.06a ± 0.02 2.36abc ± 0.1 1.06bc ± 0.02 0.32cde ± 0.009 0.0028bc ± 0.0004
T12 4.95a ± 0.06 1.69bc ± 0.09 0.77de ± 0.03 0.22f ± 0.015 0.0015e ± 0.0001

Note: Different letters within a column indicate significant difference between means of three replicates ± standard
error using Tukey’s test at p ≤ 0.

4. Conclusions

Amending a tropical acid soil with CLB can reduce total acidity, exchangeable Al3+, and
exchangeable H+ and it also increases soil pH. The reduction of soil acidic cations (Al3+, Fe3+,
and H+) does not only increase soil pH but it also mitigates P fixation by Al3+ and Fe3+. Soil total P,
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available P, and water-soluble P were increased with increasing rate of CLB because of the P content
in this organic amendment. Additionally, the effect of different rates of the CLB on efficiency of
TSP indicated that, using 25% and 50% CLB of 5 t ha−1 with 75% TSP significantly increased soil P
availability, recovery, agronomic use efficiency, and dry matter yield of maize plant compared with
the chemical fertilization alone. The CLB can also increase not only soil total organic carbon but it
can also increase availability of base cations exchangeable K, Ca, Mg, and Na. to enhance growth
and development of maize plants. Although 75% chicken litter biochar of 5 t ha−1 with 75% TSP
significantly increased soil P availability, recovery, agronomic use efficiency, and dry matter yield of
maize plant, economically, using 25% and 50% chicken litter biochar of 5 t ha−1 with 75% TSP will be
more profitable. The findings of this study suggest that application of CLB alone does not improve
maize growth and development because of insufficient P in CLB to support the growth of maize plant.
However, combining 25% and 50% CLB of 5 t ha−1 with 75% TSP can increase soil P availability, P
recovery, agronomic efficiency, and maize productivity.
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